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Abstract. We report the discovery of the gamma-ray burgt. Introduction
GRB 000131 and its optical afterglow. The optical |dentn‘|ca§im:e the first detections of soft X-raj (Costa et al. 1997),

tion was made with the VLT 84 hours after the burst following tical an Paradiis et al. 1997 and radio
BATSE detection and an Inter Planetary Network localizatiof>n Y ! : ), '
7) afterglows to gamma-ray bursts

GRB 000131 was a bright, long-duration GRB, with an app gRBs), 10 optical afterglows have been detected.

ent precursor signal 62 s prior to trigger. The afterglow w . .
detected in ESO VLT, NTT, and DK1.54m follow-up observa- Fr(])_;ttheﬂ:: urren;_samplg ﬁfﬂl 2 GRBS_Wl;hlwe_I;]determlned
tions. Broad-band and spectroscopic observations of the spe rfergf' its, e median redshl .'S’ngd(;aa_ V'Vh.\IN' ar\]/ery
energy distribution reveals a sharp break at optical Wavelengi%rsge. roo(';—mhitaniqusarhe VT)”atlon cod 1 I%Sspggz)oszzg
which is interpreted as a kyabsorption edge at 6708 This rmetric reds '9 o,{; h'ar? teen prtopose for dshift determi-
places GRB 000131 at a redshiftb500 + 0.015. The inferred ; ), the hig est spectroscopic redshilt determ
isotropic energy release in gamma rays alone wal$)®* erg nation f(_)r a GRB son;':\_r Iszd:h'ft3.418 ;or GRB 271‘1214 h
(depending on the assumed cosmology). The rapid power-lS Lctrum of a fain?r. L rInSaLe Bsrelakwazlafte:?;?ewago;gsng
decay of the afterglow (index=2.25, similar to bursts with pthe osition of the)é tical after |?)W (syee also Odewahn
a prior break in the lightcurve), however, indicates coIIimatee al 5998) The hi her)t redshift %etermined directly from
outflow, which relaxes the energy requirements by a facter of " ' 9 y

; . : ._absorption lines in the spectrum of an optical afterglow is
200. The afterglow of GRB 000131 is the first to be |dent|f|e§ — 9.0404 + 0.0008 for GRB 000301CL(Sm 1. 2000:

with an 8-m cl I .
th an 8-m class telescope Jensen et al. 2000). Several authors have speculated about the

Key words: cosmology: observations — gamma rays: burstspgssmlhty of detecting GRBs at even higher redshifts than

. L achieved so far. Wijers et al. Wijers et al. (1998) and Lamb &
ISM: dust, extinction Reichart_ Lamb & Reichart (2000) estimate that GRBs should

be detectable at very high redshifts £ 5) based on the as-
Send offprint requests 1.1 Andersen su_mptlon(;hcl’;\t ?RE]S are as_soctlatefd wnf;_star ff{)rmatlor; antil_ by
* Based on observations collected at the European Southern dging m? els _or e cosmlc S ar ormation ra-e as a unction
servatory, La Silla and Paranal, Chile (ESO Programmes 64.H-05%: ,redSh'ft' Blain & Nata.lraja Blain and Natarajan (2000) pro-
64.H-0580, 64.0-0187, and 64.H-0313) pose to use the opposite strategy, namely to use the observed
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Table 1.Spectral data from BATSE A
P 30 GRB 00013 BATSE

Peak Flux: 7.89 + 0.08 ph cm?s? (46-313 keV,; 1.024 s) 25 ~60-320 keV
Fluence: 8.51 4+ 0.08) x107° erg cni 2 (26-1800 keV; 137s) 20 7
Duration: T90=96.3 s (error 1) 15

T50=30.7 s (error 1 s) 10
Time-averaged Fax = 163 £+ 13 keV 5

spectral Low-energy index —1.2 0.1
parameters: High-energy index—2.4 + 0.1

0° Counts - s

redshift distribution of GRBs to measure the (uncertain) cosmig
star formation rate as a function of redshift.

Unfortunately, afterglows have been detected in only
< 40 percent of all well-localized (SAX, RXTE, IPN)
GRBs (e.g., Fynbo et al. 2000). It is not clear why most
GRBs with no apparent optical afterglow (‘dark bursts’) 2
are so abundant. Possible explanations are rapid decay R AR
8), reddening in the immediate environment -100  -50 0 50 100 150 200
and host galaxy (eg., Jensen et al. Jensen et al.|(2000)), in- Seconds Since Burst Trigger
trinsic optical faintness (Taylor et al. 2000), very high redshifts
(Lamb & Reichart 2000) or a combination of these effects. To
shed light on dark bursts, one obvious strategy is to set deeg@r laand b.Gamma-ray light curve of GRB 000131 recorded by th

optical limits by using large telescopes and to determine tHETSE Large Area Detectors (LADs).shows continuously recorded
ata with 1024 ms time resolutioashows an enlargement of the mos

decay slopes and colours (see Fynbo et al. 2000). intense interval using triggered data with 64 ms time resolution. In b

In this Letter we present the first attempt to identify thgases, data from the two most brightly illuminated LADs have be

afterglow of a GRB with an 8-m class telescope. The attemQfnmed. Energy channels for the different data types and detec

was successful in that the observations led to the discoveryhgfe been chosen to approximately match (within a few percent)
the afterglow and the subsequent determination of the deeagrgy range 60-320 keV.

slope, spectral energy distribution and record high redshift. In
the following we document the gamma-ray, optical, and infrared

observations, and discuss the properties of the gamma-ray b&@se the overall duration is about 170 s, i.e. significantly long
and afterglow. than measured by T90. The presence of this ‘precursor’ is re

iniscent of that displayed by GRB 991216 (Kippen et al. 199
Hurley 2000a). However, in the case of GRB 000131, no lon
lasting tail (-ray afterglow) is observed.
GRB 000131 was observed by Ulysses, Konus/Wind, NEAR,
and CGRO-BATSE on 2000 Jan. 31.624 UT. After 56 hours,:;’t
was localized via InterPlanetary Network (IPN) timing to two
alternate 55 sq. arcmin error boxes (Hurley et al., 2000a), ohlee late localization of the GRB complicated the detection
of which was ruled out by the independent BATSE locatiotie optical afterglow, expected to be significantly fainter th
). From the Ulysses, Konus/Wind, and NEAR dathe limit of existing sky surveys. Furthermore, the (presum

its 25—100 keV fluence was 10~° erg/cnt. power-law) decay of the afterglow would be so slow that obs
BATSE detected the event (Trigger #7975) in a partial datations separated by several days would have to be comp
gap, so the standard catalog data products such as flux, fluebeégre any probable candidate source could be established.
and duration are not available. However, by analyzing other data Images of the Inter Planetary Network (IPN) error box wer,
types from BATSE the relevant parameters could be estimateftained with the FORS1 instrument on Antu (ESO VLT UT1
The results are given in Tablé 1. The peak flux is in the tagarting 84 h after the burst. Four 120 s exposures in the B
5%, and the fluence in the tof” of all BATSE GRBs. The and R bands of each of two FORS1 fields, covering the er
spectrum is well fit by a standard GRB model (Band et al. 1998px (see Fidl2), were acquired under good seeing conditi
and shows a typical spectral evolution (Preece et al.|2000). (see TablgR for a log of the observations). On the same ni
The BATSE light curve is shown in Figl 1. The event conae acquired I-band exposures with a total integration time
sists of several spikes, most of which show a clear asymmeBg00 s, using DFOSC on the Danish 1.54-m telescope on
the leading edge being the steepest. A weak pulse lasting Silla. From this first set of exposures no candidate optical tr
is observed 62 s prior to the burst trigger. Its arrival directiasient could be identified. A subsequent set of images with t
is consistent (within a 12 degree error) with that of the masame exposure times was acquired 135 h after the burst, u
pulse. This spike is therefore most likely part of the burst. In thisss favorable seeing conditions. Comparing these two epo

2. Detection of the gamma-ray burst

Localization and identification of the afterglow
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oo Table 2. Journal of our observations of GRB 000131.
Telescope Epoch Seeing Band cJ mag
. (2000,UT) " (sec)
VLT Feb 4.133 0.9 B 480 >25.85
VLT Feb 4.135 0.8 \Y 480 24.66:0.10
i VLT Feb 4.137 0.7 R 480 23.260.04
D1.54 Feb 4.190 1.2 | 3600 22.63.07
VLT Feb 6.176 1.3 \Y 480 >25.40
VLT Feb 6.183 1.2 R 480 24.350.14
e 5 D1.54 Feb 6.170 1.1 | 3600 >23.70
VLT Feb 8.091 0.8 R 600  25.180.19
’ NTT Feb 8.046 0.7 J 1680 >22.45
NTT Feb 8.076 0.7 H 1800 22.260.30
X NTT Feb 8.103 0.7 Ks 1200 21.4#0.41
VLT Mar 5.025 0.9 R 900 >25.70
» VLT Mar 5.017 1.0 I 900 >24.85
‘e our photometric observations and the standard calibrated mag-
c nitudes of the afterglow is given in Talile 2. Allimage reductions
were performed in the IRAFenvironment.
4.1. Image analysis and photometry
H The afterglow was detected at low signal-to-noise in most of the
images, which made it essential to use PSF photometry to derive
the magnitudes. We used DAOPHOT@EDJQB?) within
IRAF to derive PSF magnitudes of all point sources in the im-
& GRB. 001007 | ages. In general, when deriving PSF magnitudes, the center and

(04:05:52,27,—2%:54:22.4) | ! amplitude (magnitude) of the PSF is fitted. For objects close to
- - ¢ - the detection limit, fitting the centroid introduces a bias in the
Fig. 2. The rhombus shaped IPN error box with the two square FOR81agnitude of up to one magnitude, because of a tendency to fit
fields superimposed. The location of the OT (not present in this Digithle PSF to a nearby noise spike. If instead DAOPHOT is used
Sky Survey image) is marked. on objects with accurately known pixel coordinates, the magni-
tude can be derived without re-centering the object during the

one source located at R.A. 253”3108, Dec. = 51°5641'7 PSFfit. In addition to removing the magnitude bias, deriving the

(J2000) was found to have declined by about 1.1 mag in tﬁgF magnitude without re-centering also has the advantage that

R-band. In the first epoch images this source was also ﬁ%e_lgr}ltudes d(;\r/]vn o the f-level_tgan bfetr? btafltnedi We cogldt
tected in the Vi-band, but not in the B—band. Its proximititf1 =o' o ore Use the accurate position of the altergiow, as deter-

to the center of the error box. in combination with a fadinEined fromthe firstepochimages, to derive reliable magnitudes

of about half a magnitude per day, which is typical for GR om the observations at later epochs. Limiting magnitudes were
L é%k_)taind by adding a set of artificial point sources to the images

locations of apparently blank sky, setting the limiting mag-
glow of GRB 000131/ (Pedersen et al. 2000). The afterglow 8}
GRB 000131 was the second to be identified based solely o de at the level where DAOPHOT ALLSTAR could recover

IPN localization|(Hurley 2000a). 95% of the point sources.

4. Follow-up observations and data analysis 4.2. Optical images

Additional images of the field were obtained on 2000 Feb. STfe (_)ptical obs_ervations were all acquired on nights with photo-
UT. The source was detected in a deep FORS1 R—band e)@?_trlg sky i ual|t‘. Thephotometry was calibrated to standard
sure and was found to have faded by#092 mag relative to tar _f|elds 2) through CCD gperture photpmetr.y
the first epoch confirming its transient nature. As the sourég,lat've to the comparison stars marked in Elg. 3 and listed in

based on the V, R and | photometry, appeared to be very red, we|g A is the Image Analysis and Reduction Facility made available
also acquired near-infrared (JHKs) images with the ESO NeWthe astronomical community by the National Optical Astronomy
Technology Telescope (NTT). A final set of R and | band inBbservatories, which are operated by AURA, Inc., under contract with
ages were acquired with FORS1 on 2000 Mar. 5.0 UT. A log dfe U.S. National Science Foundation.
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Table 3. Magnitudes of internal reference stars.

Star B \Y R | J H K

A 18.97 1849 1813 17.77 1738 17.01 16.88
B 21.60 20.07 18.86 17.48 16.12 1553 15.25
Cc 20.79 19.90 19.32 18.86 18.19 17.59 17.53
D 21.15 19.68 18.65 17.67 16.54 1592 15.73

al.|Persson et al. (1998), acquired directly before and after

source observations. The standards were placed in five differ
positions on the detector, and reduced in the same way as
source frames. Standard star and source photometry was
' rected for atmospheric extinction using the mean ESO La Si
extinction coefficients givenin Engels et al. Engels et al. (198
Formal photometric accuracy, as judged from the standard
viation of the standard star observations, is about 0.03 mag.
| At the time of observations, about 8 days after the IPN d
tection, the afterglow was very faint and thus only marginall
detected in H (3r) and K (2.50). In J there is apparently a
source, but it is displaced about 1 pixel from the location

Fig. 3. R—band image of the GRB 000131 afterglow from Feb. 4. Tﬁg'e afterglow. A PSF magnitude of this source could only
afterglow is marked with two bars and the four comparison stars &€fived if re-centering during the PSF fit was allowed. To mai
labeled according to Tablé 3. North is up and East is to the left.  tain consistency in our magnitudes, we have therefore chose

disregard this apparent source and only give the proper limiti
magnitude. The H and K magnitudes are both very close to t

Table[3. The errors in the magnitudes of the reference stars @géection limit. It was verified that magnitudes at this level
dominated by the determination of the photometric zero poinB reliably derived by performing photometry of a large numb
Extinction correction was applied using observatory standa®fiartificially added stars of the same magnitude.
extinction values. Because the standard star exposures were ac-

quired at approximately the same airmass as the object exgor. spectroscopy

sures, corrections were in all cases smaller than the individual

photometric error of the afterglow magnitude. From the errog§arting 2000 Feb. 8.09 UT, we obtained spectroscopic obs
in the color transformation, it is estimated that the photomet®@tions, using FORS1 configured with a 300 lines/mm grism,
zero point errors are smaller than 0.02 mag. In the R and | ifHt-on order sorter filter and & slit. The wavelength range
ages from Mar. 5, there is no detection of a source wittiof2 covered was 3808 — 82004, with a resolution of 94 and
the afterglow location. This implies an upper limit to the hod¥ith order overlap from about 7608. The total integration
galaxy magnitudefdR = 25.7 anl | = 24.8. time was 10800 s, divided into 6 exposures of 1800 s. Duri
the spectroscopic observations, the seeing ranged ff&mt0
0/9. The combined spectrum was flux calibrated relative to t
flux standard LTT3218. The continuum is not well detected
Near-infrared (IR) J, H, and Ks—band images were obtainedviible wavelengths but is weakly detected in the red part
La Silla with the NTT and SOFI on 2000 Feb. 8.1 UT. SOFthe spectrum, with a signal-to-noise around 1 per spectral bin
is equipped with a Hawaii 10241024 pixel HgCdTe detector, 2.5A inregions that are not dominated by sky lines. The spect
and we used a plate scale ¢f2® which gives a field-of-view Slope is consistent with the broad-band photometry. The sp
of roughly 49x4!9. Each image comprises several tens of dfum does not show signs of statistically significant emissi
ementary co-added frames acquired by randomly dithering tes, as could be expected from a host galaxy.
telescope several arcsec once a minute.

The frames were reduced by first subtracting a me
sky, obtained from frames acquired just before and after the
source frame. Before using the frames for sky subtractiofhe temporal and spectral behavior of optical gamma-ray bu
stars were eliminated with an automatic star finder couplaéterglows are in general observed to follow a power law, su
with a background interpolation algorithm. Then, a differenthatF), (¢, v) o< t=*v =% (a, 3 > 0), wheret is the time elapsed
tial dome flat-field correction was applied, and the framesénce the GRB event. The fireball model provides the theoreti
were registered to fractional pixels and combined. We caframework for this behavior and also gives the relation betwe
brated the photometry with standard stars taken from Perssothet temporal slopex and the spectral slopg in various

4.3. Near-infrared images

Dlscussmn
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Fig. 4. R—band light curves of GRB afterglows with steep late-time Log(v) [Hz]

decay. The solid line is a power-law fit to the GRB 000131 data (filled o )

circles). The non-detection on March 5 is marked as an upper liffild- 5- The spectral energy distribution, as derived from broad band
atlog t=1.52. Other afterglows are (from left to right) GRB 9g8032aPhotometry. The errors of the H and K fluxes include the formal error
GRB 980519, GRB 990510, GRB 000301C and GRB 991208 (Whigpm the extrapolation of the light curve back#e3.5 days. A fit by a

is shifted 0.4 in log(days)). Pre-break data points are omitted. power law spectrum with Lyman forest absorption and SMC reddening
is shown as a dashed line. This yields A 0.18, when an intrinsic

spectral slope3 =0.70, and a redshift of 4.5 is assumed. The solid line

Table 4. GRB afterglows with rapidly decaying light curves. . o :
9 Py ying fig shows the corresponding spectrum with its Lyman absorption edges.

GRB e s Loreak R(t=4 d) of GRB 000131 is plotted together with the light curves of
980326 2.10:0.13  0.66+0.70 26.4 these afterglows in Fifl4. The main characteristics of these
ggggig g'iig'gg 8'2&8'22 g'gigég ggz systems are summarized in Table 4. In all cases the favoured
' ' ' ' ' ' ' interpretation of such a steep slope is post-break decay of a
991208 2.20t0.20 0.75+£0.03 20.2 . . . . .
000131 2 95:0.19 236 collimated outflow. The light-curve breaks predicted in this
000301C 2.29-1.00 0.55:004 4.39+1.52 20.6 scenario have indeed been observed (see Holland et al. 2000)
and are believed to have occurred prior to the first observations
in the other systems with > 2. The simplest interpretation
regimes |(Sari et al. 1998; Piran 1999; Meszaros et al. 1998 the GRB 000131 afterglow light curve is therefore that of a
If the afterglow is collimated (a jet), the temporal slope isollimated outflow seen after the jet has slowed down.
modified and may change during the transition from the
observer being inside the jet cone to being outside the jet co TR
caused by the slowing-down of the jét (Rhoads 1999). Thglg2 - Spectral energy distribution
results in a break in the light curve, such as those observedrime optical afterglow was detected in VRIHK, but at differ-
GRB 980519 (Jaunsen et al. 2000), GRB 990123, GRB 990541t epochs. By assuming achromatic evolution of the afterglow
(Stanek et al. 1999; | Harrison et al. 1999), GRB 9907@@hich is consistent with other afterglows), following the=
(Masetti et al. 2000a), GRB 991216 (Halpern et al. 2000), a@®R5 power-law decline, the spectral energy distribution can be
GRB 000131C |(Jensen et al. 2000; Masetti et al. 2000b). dalculated for a given epoch. In Fig. 5 we plot the derived spec-
the following, we will base our discussion on the assumptidral energy distribution at 3.50 days after the burst trigger, i.e.,
that the afterglow can be described within the framework of tlaé the time of the first VRI observations. Also given are the up-
fireball model. per limits derived from our B and J observations. The spectral
energy distribution has been corrected for Galactic reddening,
using Eg_v,=0.056 (Schlegel et al. 1998).

For steep-decay afterglows, like those shown in[Big. 4, the
The three epochs of R—band photometry can be fitted bylaage values ofv and the relatively small values ¢ffavour a
power-law decline withh = 2.25 £ 0.19 and ay? = 0.06, scenarioinvolving a sideways expanding jet. In this case spectral
as shown in Fidgl4. A power-law decline with this slope islopes betweefr — 1)/2 and«/2 are expected in the fireball
typical for post-break evolution of GRB afterglow emissiormodel, depending on the value of the cooling frequency. With
A value of 2.0 < a < 2.5 has been observed in severale = 2.25, this implies0.63 < § < 1.13, with a preference for
other afterglows, namely GRB 980325 (Groot et al. 1998he low value (cf. TablE]4).

GRB 980519 |[(Jaunsenetal. 2000), GRB 990510 The spectral energy distribution shown in .5 does not
(Stanek et al. 1999; | Harrison et al. 1999;  Holland 2000)semble a power-law with a single indgx This is not an

GRB 991208 |(Hurley et al. 1999; Castro-Tirado et al. 2000rtifact of extrapolating the H and K band data points from Feb. 8
and GRB 000301C (e.g., Jensen et al. 2000). The light cuteeFeb. 4, as a power-law fit to the V, R, and | data points only

5.1. The light curve of the afterglow
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results in ay? = 7.1 andg = 4.90, which is much steeper than
the value of about 1 typically observed in GRB afterglows (see 0.6
Tablg[4). Moreover, for the H and K fluxes to be in accordance
with this fit, an unphysical value af of about 7.0 in the near- = 0.4 _
IR is required. Thus, a power-law spectral energy distributior irial 1
is ruled out. 0.2 | 1
We have explored whether the strongly curved shape of the M Aﬂ M W‘MA
spectral energy distribution can be explained by reddening in o o - 'ﬁ'h"i\“"ﬂ\”ﬁ‘ ﬁ
the host galaxy (as in eg. GRB 000301C, Jensen et al. 2000, V\/\] WV ‘ v W \[ ‘ U
or in GRB 971214, Dal Fiume et al. 2000). We find that no 4000 5000 6000 7000
physically plausible reddening laws can transform a power-law Wavelength [A]
spectrum into the observed shape.
The most likely interpretation of the spectral break is there-

s Sy By B B B

fore the onset of Lyman forest blanketing, hence implyingthat o5 b -
GRB 000131 was at a high redshifi{4). To examine this inter- L

pretation further we have fitted the spectral energy distributionr , , [ i
with power-laws modified by the effects of Lyman forest blan= i

keting and internal reddening in the host galaxy. This technique o2l

was first used by Frucht%ﬁfm GRB 980329 and ~ |

discussed in detail by Reich 000). For the redden- r‘ .

ing we use the SMC extinction law assumed to best representa’ /[ ——

chemically less-evolved environment at rgdshlfts of4t0 5. To 1000 5000 6000 000
model the effects of Lyman forest blanketing we follow Mgller Wavelength [A]

and Jakobsen Mgller & Jakobsen (1990): for each pair of val-

ues of3 andz, the visual rest-frame absorptionand they? Fig.6aandb.The spectrum ofthe GRB 000131 afterglcmsmoothed
of the fit is obtained. We find that all kedit lvuv11.f7 values of© @ resolution of 3, b rebinned to a resolution of 208 The dotted
3 allowed by the fireball model are possible, with a preferenEHrve shows the noise per bin, while the dot-dashed line is the mo
for low values. The corresponding range of internal reddenlﬁﬁewum shown in Fig]5.

is 0.11< Ay < 0.20, with a preference for high values. For

values of3 around 0.65, the possible ranges(Rof redshifts is  the binned spectrum for wavelengths below 7200he aver-
4.38 < z < 4.70, while the redshift igl.55 < z < 4.69 for /6 = age observed flux in the Lyman forest region (betwea«m Md
1.0. This result is not affected by the choice of reddening law.y 3) is 55 + 15 nJy, which is in reasonable agreement with th
level of 79 nJy predicted by the model. Beyond 720be spec-
5.3. The spectroscopic redshift of GRB 000131 trum is dominated by an atmospheric band and strong sky lin
which are not well resolved at a spectral resolution 8f This
Our analysis of the photometric observations implies the presfectively renders the spectrum useless in this spectral regi
ence of a Ly absorption edge in the range 658@0 6900A. As the spectral region from 6590to 6810A is essentially
Thisimplication is confirmed by the spectroscopic observauoqﬁee from sky lines, the location of the absorption edge i is w
After smoothing the FORS1 spectrum to a resolution 0A30 gefined (see Figl7). We measure its location to be@t+2.5 A
a clear indication of such an absorption edge at X3 re-  from which a redshift of.511+0.002 is inferred. The reality of
vealed. The recorded spectrum was very faint, at the leveligk absorption edge and the interpretation that it is due doisy
less than 2% of the continuum of the night sky, which is donmost convincingly seen by integrating the flux of the spectru
inated by emission lines through the red part of the spectrughd the model, as shown in Aig. 7. The integrated spectru
The noise in the spectrum is therefore dominated by uncertaiog/ry smooth and follows the model nicely on the red side of t
in the sky subtraction. An improved representation of the coggge, while there are significant deviations on the blue side
tinuum WaS obtained by reblnnlng the SpeCtrUm toa reSOIU“ﬂﬂg edge Companng 10@ intervals on the blue and red side
of 2004, omitting spectral bins coincident with sky lines. They the absorption edge, the standard deviation of the spectr
smoothed and the rebinned spectra are shown ifiLFig. 6 togetggbund to be 65% larger on the blue side, consistent with t
with a model of the spectrum, assuming a redshift of 8.5, interpretation that the blue side is located in the Lyman fore
0.70 and a reddening,\A= 0.18, as derived from a fit to the Hence, the VLT spectrum is in excellent agreement with t
photometry (see Figl 5). photometric observations and provides independent evide
The model spectrum is normalized to the R-magnitude g§{at the redshift of GRB 000131 is~ 4.5.
the afterglow, obtained immediately before the spectroscopic |n the VLT spectrum of GRB 000301C, Jensen et a
observations began, and corrected for slit losses of 35%,@%sen et al. (2000) detected a strong dampedabsorption
would result from using a'Q slit in a seeing of about’@. |ine at the redshift of the GRB. If a similar dampedcLyb-
The model spectrum is seen to be in very good agreement WiHliption line is present in the spectrum of GRB 000131 t
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ing a Hubble constant of 65 knt$ Mpc—!, Qy = 0.3 and

Qp = 0.7, a redshift of 4.50 implies a distance modulus of
48.24. Hence, the total energy release assuming isotropic emis-
sion is=1.1x 10°* erg. This is only a factor of-3 smaller than

the isotropic equivalent energy for the most energetic event so
far, GRB 990123 (Andersen et al. 1999: Kulkarni et al. 1999).
However, the combination of the decay slapend the con-
straints on the spectral slopeindicate that the afterglow was
duetoacollimated jet. The upper limit on the break epagh.t

< 3.5days, implies a lower limit on the jet opening anglé of

7° n'/® > 7°, wheren is the density of the ambient medium (in
units of cn3), which is larger than 1 in star-forming regions.
or ‘ ‘ ‘ ] From the lower limit on the opening angle we infer a lower limit

i on the released energy of5 x 10°! erg.

This work shows that 8-m class telescopes may be used
successfully to detect faint B 23 optical afterglows even in
fields with very bright stars. This is necessary in order to re-
solve why> 60% of all attempts to detect optical afterglows
of GRBs are currently unsuccessfmmoom. The
apparent brightness of the GRB 000131 afterglow was similar
to that of GRB 990123. GRB 000131 does therefore provide
the first observational evidence that it is possible to obtain high
resolution optical spectra of GRBs at very high redshift, if the
Fig. 7a and b. aA region of the spectrum, centered on thenlgb-  afterglow is identified at an early time. High redshift GRBs will
sorption edge and smoothed to a resolution oAl3he dotted line  therefore no doubt prove to be an extremely valuable tool for

gives the noise per bin, while the dashed curve is a model absorptigst only the understanding of the GRB environment but also for

edge spectrum corresponding to a redshift of 4.511, and redshifts[l% studv of the Lvman forest and of cosmolo
4.509 and 4.513 (dot-dashed curvés).he integrated flux of the full Y y 9y-

resolution spectrum and the model absorption edge spectra showadRnowledgementsMA acknowledges the Astrophysics group of the

a. The integrated flux is normalized to a common level at 6%50  Physics dept. of University of Oulu for support of his work. This work
was supported by the Danish Natural Science Research Council (SNF).
Part of the data presented here were obtained as part of an ESO Service

redshift as determined from the spectral break will be slightljode programme. The allocation of observing time by 1JAF at the

overestimated since the red wing of the damping profile witlanish 1.54 m telescope on La Silla is acknowledged. KH is grateful

move the spectral break 10-20(depending on the IHcol- for support under JPL Contract 958056 for Ulysses operations, and to

umn density) towards the red. Therefore, the inferred redshi#ASA Grant NAG 5 9503 for NEAR operations. We are grateful to the

from the Spectra| break depends on the assumeadiumn NEAR XGRS team and the Konus/Wind team for the use of their data

density of the GRB self absorption. With the signal—to-noié@ localizing this burst. MV grgtefully ackn_owledges fi_nanc_ial support

of the spectrum, it is not possible to constrain theddlumn from the Columbus Fellowship at The Ohio State University.

density. An indirect indication that GRB 000131 had signifi-

cant self absorption is obtained from the estimate ¢of As- References
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